A B S T R A C T Parotid fluid corticosteroids, substantially comprised of cortisol and cortisone, were previously demonstrated to rise to far greater levels 4 hr after administration of ACTH than they did in the third trimester of pregnancy, although the plasma total corticosteroid concentrations were similar in these two states. It was therefore suggested that only nonproteinbound corticosteroid gains access to parotid fluid. In the present study parotid fluid cortisol and cortisone and plasma dialyzable cortisol concentrations have been measured in normal men before and 2 hr after 40 U ACTH, and, in another group, before and after 10 days of diethystilbestrol (5 mg daily). Total plasma cortisol rose from a mean of 6.3 to 17.9 ,ug/100 ml after ACTH and from 14.6 to 39.4 mg/100 ml after the estrogen. However parotid fluid cortisol plus cortisone rose from 0.8 to 2.6 ,ug/100 ml after ACTH and to only 2.2 after estrogen. This rise resembled that of the plasma dialyzable cortisol (control 0.4, ACTH 1.8, estrogen 1.2 ug/ 100 ml) rather than the increase in total plasma cortisol which was over twice as high after estrogen as after ACTH. Thus parotid fluid corticosteroids seem to be a good measure of nonprotein-bound corticosteroid, the cortisol available to the cell. The total amount of cortisol plus cortisone excreted is approximately constant, independent of parotid fluid flow rate. Cortisone exceeds cortisol in parotid fluid in the basal state, but after ACTH the situation is reversed.
INTRODUCTION
The concentration of 17-hydroxycorticosteroids in parotid fluid, as measured by the Porter-Silber reaction, parallels that of plasma after the administration of ACTH (1) . Parotid fluid-Porter-Silber chromogens are also a useful index to adrenocortical suppression by dexamethasone1 (2) and for the diagnosis of Cushing's syndrome (3) . During pregnancy, despite a two-to threefold increase in plasma 17-hydroxycorticosteroids, the parotid fluid corticosteroids rose only minimally though significantly (4) . Following ACTH treatment, when plasma corticosteroids were similar to the values found in pregnant women, the parotid fluid corticoids rose to values several times the base line. Because most of the increased plasma 17-hydroxycorticosteroids in pregnancy are protein-bound, whereas the acute increase following ACTH represents more nonprotein-bound steroid, it was suggested that mainly nonprotein-bound corticosteroid gains access to parotid fluid. To test this hypothesis we have investigated the parotid fluid concentration of cortisol and cortisone, the major corticosteroids previously found in this fluid, and compared it with plasma levels of nonprotein-bound cortisol under a number of physiologic conditions. The effect of parotid fluid flow rate and of time of collection were also investigated.
METHODS
Parotid fluid was collected with a modified Carlson-Crittenden device (5) . Except in the flow rate experiment, salivary flow was stimulated by sucking a sour lemon or grape candy. All subjects were healthy Basic Airmen, aged 17-22, who had recently passed a military induction physical examination; they were studied in the postobsorptive state. All parotid fluid samples were obtained between 7 and 9 a.m. unless otherwise indicated. The fluid was immediately frozen and preserved in this state during shipping until thawed for steroid analysis. Blood was drawn into heparinized syringes and the cells separated from the plasma within 15 min. The supernatant plasma was also frozen until the time of analysis.
Cortisol and cortisone in parotid fluid and cortisol in 1The following trivial names and abbreviations are used:
Dexamethasone, 9a -fluoro-16a-methyl -11,17,21-trihydroxy- Depending on the steroid being measured, either radioactive cortisol alone (for plasma) or radioactive cortisol and radioactive cortisone (for parotid fluid) were dried from ethyl alcohol solutions under a stream of air at 370C in an extraction tube, in quantities of 6.4 m;tg (880 dpm) each. 5 ml of parotid fluid or 1 ml of plasma with 4 ml of distilled water in duplicate was added to each tube and extracted with 10-15 ml of methylene chloride or chloroform. A blank tube containing 5 ml of distilled water was also run with each batch. After aspiration of the aqueous layer, the extract was washed with 3 ml of 0.1 N NaOH and 3 ml of distilled water. The extract was then dried and concentrated at the bottom of a conical test tube.
The steroids in the extracts of the biological fluids were dissolved in 10 ul of dried pyridine stored over BaO and then acetylated by the addition of 5 jul of freshly redistilled (7) acetic-3H anhydride (50 c//lM). At the same time 50 Ag of authentic cortisol was subjected to the same acetylation procedure. After 15-18 hr at room temperature in the dark the reaction was stopped by the addition of 1 ml of 257o ethyl alcohol. The steroid acetates were extracted into 10 ml of methylene chloride. Following a wash with 1 ml of water, the extracts were dried and 30 I.Lg each of authentic cortisol-and cortisone-21-acetates or cortisol acetate alone wvere added. Since final quantitation depended only on the relative recovery of steroid-"C that had been acetylated with tritium-labeled acetic anhydride prior to this step, and the quantitation of tritium in the final product, the addition of nonradioactive steroid acetate carrier at this stage did not affect the final result. Thin-layer chromatography was then performed with the following solvent systems consecutively: After localization of the acetates on the chromatograms by ultraviolet light absorption (254 mu) of the carrier steroid acetates, the spots were eluted with methyl alcohol by the use of zone extractors (10) . System a effectively separated cortisol acetate from cortisone acetate. After chromatography in system b, the dried eluate was dissolved in 1 ml of water and extracted with 10 ml of methylene chloride which in turn was washed once with 1 ml of water, in order to remove nonspecific excess tritium. After chromatography in system c, the samples were chromatographed for a last time in system a. The eluates from the last chromatography were dried in a liquid scintillation counting vial and 10 ml of a toluene solution containing 3%o PPO and 0.01%o POPOP was added for counting. An aliquot of the authentic cortisol that had been acetylated with the tritiated acetic anhydride was also counted at the same time, and another aliquot quantitated by the Porter-Silber reaction (11) to determine the precise molar specific activity of-the acetic anhydride.
The steroid recovered at the end of the procedure could then be quantitated by the tritium counts in the acetate and this corrected for the recovery of steroid-'4C. Finally the weight of the steroid-"'C added at the beginning of the procedure was subtracted to obtain the actual quantity of steroid present in the biological fluid. The usual recovery by this method was between 25 and 40%. In experiments in which no nonradioactive carrier was added and the steroids were located by radioisotope-scanning of the thin-layer chromatograms, similar recoveries of "C were found.
Competitive protein-binding analysis. For CPB analysis, extracts of the biological fluids were prepared in exactly the same way as for the acetylation in the double-isotope derivative assay, except that 2.5 ml of parotid fluid in duplicate and 0.25 ml of plasma in duplicate were used instead of the larger quantities. The dried extracts were chromatographed on 3 MM Whatman filter paper in the B-5 system of Bush (12) . The cortisol and cortisone areas were located on the chromatograms by the migration rate of authentic steroids on adjacent limbs, detected by staining with blue tetrazolium. The unknown samples were eluted (13) with ethyl acetate: methanol 1:1, dried, and dissolved in 2.0 ml of ethyl acetate. A 0.8 ml aliquot of the ethyl acetate solution was dried in a 13 X 100 tube for CPB analysis and another similar aliquot dried in a counting vial for determination of recovery. Recovery was usually 60-70% of theory. The samples for CPB assay were dried under a stream of air and quantitated by the method described for the ultramicro determination of corticoids by Murphy (6). Our method utilized 0, 3, 6, 9, and 12 mnjg quantities of cortisol or cortisone for the standard curve, 2% rabbit plasma containing 4 uc corticosterone-1,2--H/100 ml as the CBG solution, and 20 mg Florosil as adsorbent. The affinity of rabbit CBG for cortisone is slightly greater than that for cortisol, as shown in Fig. 1 . Duplicate determinations of radioactivity in standard curves always agreed to within less than 5% of their mean value. The results obtained in the CPB assay were then corrected for recovery of steroid-"C. As in the doubleisotope method, the weight of the steroid-`C had to be subtracted from this result to obtain the original mass of steroid in the biological fluid extracted.
Plasma-free cortisol. The fraction of plasma cortisol that was nonprotein-bound was determined by equilibrium dialysis after Bush (14) . 1 ml of plasma was dialyzed in a Visking sac against 4.0 ml of 0.9% sodium chloride for 6 hr at 370C in a calibrated tube in which 0.01 Isc (0.2 miug) cortisol-1,2-aH had been dried from ethanol solution.2 At the end of the dialysis procedure, the sac was removed from the outside solution, rinsed with distilled water and, after a small opening had been cut in the dialysis membrane, the entire sac and its contents were placed into an extraction tube in which 8800 dpm cortisol-4-"H had been dried. The volume of the outside solution was observed and 3.0 ml of it pipetted into another extraction tube in which 1760 dpm cortisol-4-"C had been dried. The volume in all the extraction tubes was brought to about 5 ml with water and the steroids extracted with 15 ml of methylene chloride. The extracts were washed with 3 ml of 0.1 N NaOH and 3 ml of distilled water, dried in a counting vial, and the toluene scintillation solution added. The volume of the outside solution averaged 3.8 ml with a standard deviation of 0.05 ml for 50 different sera dialyzed in duplicate. These average volume changes for the inside and outside solution were utilized for all calculations. The actual tritium found in each solution was corrected for losses of cortisol-"C during the extraction procedure. The fraction of cortisol that was bound was calculated by the 2Cortisol obtained through the courtesy of the Endocrinology Study Section, N.I.H. formula of Slaunwhite and Sandberg (15) . The fraction that was dialyzable was then assumed to be 1 minus the fraction bound. The calculated recovery of tritium in inside and outside solutions together ranged from 87 to 112% with a mean of 98.1 +4.8 SD. Duplicate determinations of the free cortisol fraction had an average difference of 6.6 ±5.4% (SD) of their mean. Dialysis equilibrium was obtained at 6 hr as in the study of Bush. Since data obtained by this method do not necessarily correlate with true in vivo nonproteinbound cortisol, the results have been used mainly for comparative purposes.
All samples were counted in a model Mark I liquid scintillation spectrometer.' Tritium was effectively excluded from the ""C-channel" and, for CPB samples, XC was excluded from the tritium channel. All counting data were recorded by the liquid scintillation spectrometer on punch cards via an on-line keypunch and calculations were performed by an IBM 7094 digital computer utilizing special programs written for these experiments. Figs. 2-4 (below) were also generated by the computer utilizing an on-line cathode ray oscilloscope and a 35 mm camera. Standard statistical methods were used (16) .
RESULTS
Blank of the method. A water blank was determined for each batch of samples. These averaged -0.01 ±0.02 (SD) ug/100 ml of parotid fluid for cortisol and 0.04 ±0.03 (SD) lig/100 ml for cortisone by either method.
Preliminary experiments confirmed that multiple chromatographic purifications and several solvent partitions as well as use of freshly distilled tritium-labeled acetic anydride were necessary to obtain satisfactorily low water blanks for the double-isotope derivative technique (7) . Unwashed 3MM Whatman chromatography paper was used for the isolation of cortisol or cortisone for CPB analysis because, contrary to other media such as silica gel and glass fiber paper, its chomatographic eluates gave satisfactory low blank values.
Morning values and effect of ACTH. A group of 25 normal subjects had base-line determinations performed between 7 and 8 a.m., 3-4 hr after arising, and then were given 40 units of ACTH gel intramuscularly.
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Repeat determinations were performed 2 hr later. The mean concentrations of parotid fluid cortisol plus cortisone as well as the mean concurrent concentrations of total and dialyzable cortisol in plasma before and after ACTH are listed as group A in Table I . ACTH treatment rsulted in a considerable increase in parotid fluid steroids 2 hr after injection.
A comparison was made between the concentration of parotid fluid cortisol plus cortisone determined by the specific techniques and the concentration of 17-hydroxycorticosteroids determined on another aliquot of the same parotid fluid by the Porter-Silber reaction (1). As summarized in Table II , in all cases Porter-Silber chromogens exceeded the concentration of specific steroid and this excess was greater after ACTH than in the control state.
Effect of estrogen treatment. The concentration of cortisol and cortisone in parotid fluid in subjects given diethylstilbestrol, 5 mg/day for 10 days, is shown in Table I (group B). These subjects lived near the laboratory and were tested shortly after arising. Data were obtained before estrogen therapy and before and 2 hr after the intramuscular injection of 40 U ACTH gel on the last day of diethylstilbestrol. Estrogen treatment resulted in a small rise in parotid fluid cortisol plus cortisone (group B, Table I ) as well as the expected considerable increase in plasma total cortisol. The increase in nonprotein-bound cortisol to a mean of 1.2 jug/100 ml was not significant (P > 0.2).
Relationship of parotid fluid steroids to free and total plasma cortisol. Table I gives the mean values for dialyzable plasma cortisol as well as those for total plasma cortisol and parotid fluid cortisol plus cortisone in the two groups in the control state, following ACTH, and on the last day of estrogen treatment. 2 hr after ACTH injection in group A, mean total plasma cortisol had almost tripled from 6.3 to 17.9 ,ug/100 ml. The group receiving diethylstilbestrol had more than twice the total plasma cortisol level of the ACTH group, 39.4 compared to 17.9 ug/100 ml. De- That there was high correlation between parotid fluid corticol plus cortisone and plasma dialyzable cortisol is shown in Fig. 2 which demonstrates the regression line for the relationship between these two parameters. The correlation coefficient for this relationship was 0.83 (P < 0.005). The correlation of parotid fluid cortisol plus cortisone with total plasma cortisol, however, was similar (r = 0.75, P < 0.005).
It was noted that in most individuals an increased concentration of corticosteroids seen in plasma or parotid fluid after ACTH was associated with a diminished ratio between the parotid fluid steroids and free plasma cortisol. This negative correlation for control, and ACTH and estrogen treatment is shown in Fig. 3 . The correlation coefficient is -0.39 with a P value of 0.005.
Comparison of parotid fluid cortisol and cortisone. In the base-line state the mean value of parotid fluid cortisol was 0.43 ug/100 ml and that for parotid fluid cortisone, 0.60 ug/100 ml. Cortisone generally exceeded cortisol and this difference was statistically significant (Table III) .
Following ACTH administration there was a considerable rise in both steroids in the parotid fluid, and cortisol now exceeded cortisone to a statistically significant degree (Table III) .
Effect of flow rate. Flow rate of parotid fluid was varied in each of 16 normal subjects by varying the stimulus to salivation. The lowest flow rates were obtained with mint-flavored chewing gum, medium flow rates with sweet cherry candy, and the highest flow rates Table I as well as six additional subjects whose plasma cortisol was not measured. $ Includes group A in Table I as well as nine additional subjects whose plasma cortisol was not measured.
with a sour grape candy. It was found that with increasing flow rate parotid fluid cortisol and cortisone concentrations diminish. At the lowest flow rate parotid fluid cortisol plus cortisone concentration could approach or exceed that found in concurrently collected plasma. The correlation coefficient of parotid fluid cortisol plus cortisone and flow rate was -0.70 (P < 0.005). Fig. 4 shows that the excretion of steroid by the parotid gland remained relatively constant in each subject over the varying rates of flow. Effect of dexamethasone. When 1 mg of dexamethasone was administered orally at 7 a.m to normal subjects it was found that the diminution in parotid fluid cortisol plus cortisone at 11 a.m. was far greater than that found in untreated subjects. There was a mean reduction of 53.8% in parotid fluid cortisol plus cortisone concentration 4 hr after dexamethasone, differing significantly (P <0.01) from controls (mean reduction 10%). Care was taken that the flow rate at 11 a.m. did not differ significantly from that at 7 a.m. (Table IV) indicated that, like plasma cortisol, the concentrations of cortisol and cortisone in parotid fluid diminish as the day progresses, with general continuation of the pattern of cortisone exceeding cortisol. In two subjects steroids were completely undetectable in later specimens.
Cortisol binding by parotid fluid. Dialysis of tritiumlabeled cortisol between parotid fluid and normal saline was carried out to equilibrium by the same method used for plasma. The concentrations of radioactive cortisol on the two sides of the dialysis membrane were about equal whether the outside solution contained none, 100 or 200 mg/100 ml of crystalline human serum albumen. These 
DISCUSSION
Although cortisone and cortisol were the only two Porter-Silber positive steroids identified in human parotid fluid in the previous study (4) , the present quantitative analysis for these two specific steroids indicates that the sum of the cortisone plus cortisol is far less than the concentration of total Porter-Silber chromogens (Table II ). In the previous study little radioactivity was found in parotid fluid after intravenous administration of radioactive cortisol other than that associated with cortisol and cortisone in ethyl acetate extracts of the parotid fluid. The Porter-Silber chromogens were measured in methylene chloride extracts of parotid fluid. This would exclude highly polar steroids and would suggest that any unknown Porter-Silber chromogens measured by the color reaction are less polar than cortisol and cortisone. These might for example be sulfates, acetates, or other esters of cortisol or cortisone. Steroid acetates have been identified in blood (18) . Additional evidence that this Porter-Silber positive material is of adrenocortical origin in the present study is the greater excess of unknown steroid after ACTH (Table II) . Further, more careful search for less polar cortisol metabolites in parotid fluid would therefore be warranted.
Since the plasma concentration of cortisone is generally less than 40% that of cortisol (19) ,' it is assumed that much of the cortisone in the parotid fluid, which exceeds cortisol in the basal state, arises from the oxidation of cortisol from plasma by parotid tissue, as previously demonstrated in vitro (4) . After ACTH the excess of cortisol over cortisone in parotid fluid may represent a flooding of this enzymatic mechanism by the sudden increase in the amount of cortisol presented to the gland by the plasma. It is possible that during estrogen treatment the mechanism adjusts gradually to the slowly increasing plasma cortisol.
The hypothesis that parotid fluid corticosteroids are more closely related to nonprotein-bound plasma cortisol than total plasma cortisol seems to have been confirmed by the finding that following estrogen, despite a mean plasma total cortisol level more than twice that found 2 hr after intramuscular ACTH, the parotid fluid cortisol plus cortisone was slightly less than that after ACTH, a relationship similar to that of the values for nonprotein-bound cortisol under these two experimental conditions. It may be noted that the sampling time of 2 hr after intramuscular ACTH was selected because preliminary experiments showed that at this time the plasma level of cortisol was less than that after a week of estrogen therapy. In this context it has therefore been shown that the parotid fluid steroid changed like the plasma dialyzable cortisol rather than the plasma total cortisol concentration. Parotid fluid cortisol plus cortisone concentration thus represents a good measure of cortisol available to the cell since protein-bound steroid is apparently not physiologically active (20) . In addition, parotid fluid corticosteroids appear to be a good measure 'This has been confirmed by unpublished studies in our own laboratory. (Table IV) of the diurnal variation in plasma cortisol and adrenocortical suppression with dexamethasone.
The ratio between parotid fluid cortisol plus cortisone and plasma dialyzable cortisol concentrations is not constant, however, (Fig. 3) as one would expect if parotid fluid were a mere filtrate of plasma corticosteroids. The mechanism of salivary secretion of other nonelectrolytes has been interpreted in similar terms (21) . Parotid fluid appears to contain no corticosteroid-binding protein, as demonstrated by dialysis studies, thus making it unnecessary to consider this factor in parotid fluid corticosteroid excretion.
The lack of significant increase of plasma dialyzable cortisol after estrogen differs from other reports of an increase in nonprotein-bound corticosteroid in pregnancy or after estrogen treatment (22) (23) (24) , but this may be due to the short period of treatment in this study.
When salivary flow is stimulated, the concentration of cortisol plus cortisone appears to vary inversely with flow rate resulting in an approximately constant excretion rate (Fig. 4) . The mean minute excretion of cortisol plus cortisone was 40.7 m/Ag for one parotid gland, as determined at mid-morning when plasma cortisol is perhaps at its median concentration (25) . This would represent a daily excretion of 120 /Ag by both parotid glands. Assuming that the parotid glands are unstimulated for 23 hr a day, excrete an average volume of 0.08 ml/min' per gland during that time, and that they secrete 0.75 ml/min during 1 hr a day of stimulation, a total parotid fluid production of 300 ml/day would be found in the average man. This represents about 2.75% of a day's output of gastrointestinal secretions (26) . If the other gastrointestinal glands excrete corticosteroids at a similar rate, for which there is some evidence (27) , this would represent an enteric secretion of 3.2 mg of cortisol metabolites daily, more than 10% of the average adrenal production rate (28) .
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